ABSTRACT One experiment utilizing Cobb x Cobb male broilers was conducted to evaluate virginiamycin (VM; 0, 15, 20 ppm) and diet caloric density (CD; 2,945, 3,200 AME n /kg) effects on broiler live performance, blood serum metabolites, and carcass composition. The starter period exposed birds to recommended brooding conditions, whereas from 3 to 7 wk birds were exposed to thermoneutral (TN, 24 C) or cycling temperature (CT, 24 to 35 C) environments (E). During the 21-d starter period, VM levels and high CD increased (P < 0.05) BW gain (G) and gain:feed (G:F) improved (P < 0.05) with 20 ppm VM and high CD. During 3 to 7 wk, CT reduced (P < 0.05) most live performance and carcass variables as well as heat production (HP) and energetic efficiency whereas energy content per gram of tissue increased. The main effect of VM and CD on blood serum constituents was not significant; however, CT decreased (P < 0.05) serum Na, K, Ca, Mg, Fe, albumin, and total protein. Within CT, G increased (P < 0.05) with high CD
INTRODUCTION
Virginiamycin (VM) is an effective antibiotic against Gram-positive microorganisms (De Sommer and Van Dijck, 1955) and has been shown to improve broiler growth rate and feed efficiency (March et al., 1978; Miles et al, 1984b; Harms et al, 1986; Woodward et al, 1988) as well as carcass yield (Leeson, 1984; Woodward et al, 1988) . Improved performance of broilers fed diets containing VM is associated with increased feed consumption (Leeson, 1984; Buresh et al, 1985a) and nutrient absorption efficiency (Nelson et al, 1963; March et al, 1981) . Enhanced utilization of SAA (Miles et al, 1984a) , P (Buresh et al, 1985b) , and Mn (Henry et al, 1986 ) also has been reported for birds consuming VM. The improved nutrient absorption may be related to reduced intestinal mass and mucosal membrane thick-and with the 15 ppm VM combination, whereas within TN, G was unaffected by CD, but increased (P < 0.05) with the 20 ppm VM and low CD combination compared with the control. High CD increased (P < 0.05) BW, G, carcass weight, dressing percentage, carcass percentage fat, carcass dry matter, carcass energy content per bird, HP, fat, and protein gain but reduced (P < 0.05) carcass percentage protein and energetic efficiency. Carcass weight, breast yield, fat, and protein gains as well as dry matter carcass energy content increased (P < 0.05) with VM compared with controls. The reduced (P < 0.05) calorie intake and HP with concomitant increase (P < 0.05) in calorie gain with 20 ppm VM increased (P < 0.05) caloric efficiency. In summary, the results suggest that VM improves bird performance by reducing HP and that reduced HP during high CT improves body temperature homeostasis.
1996 Poultry Science 75: [1383] [1384] [1385] [1386] [1387] [1388] [1389] [1390] [1391] [1392] ness (King, 1974; Solca et al, 1980) , as improved carcass yield has been attributed to reduced intestinal tract weight (Izat et al, 1989; Salmon and Stevens, 1990; Henry et al, 1986 Henry et al, , 1987 . Indeed, Nelson et al (1963) reported that improved chick growth with VM supplementation is associated with reduced intestinal weight and increased dietary ME n . Virginiamycin efficacy also has been reported to be more pronounced in turkeys (March et al, 1978) and broilers (Buresh et al, 1984) fed low caloric density diets. The increased AME n in broilers with VM supplementation has been attributed to improved dietary fat retention (Bartov, 1992) . The influence of VM on net energy efficiency is yet unknown, however, 15 ppm VM supplementation in diets fed to broilers exposed to high environmental temperature was reported to increase weight gain whereas the 20 ppm VM fortification was reported to reduce mortality and increase saleable carcass (Belay and Teeter, 1994) .
High cycling temperature-relative humidity environments have long been documented to suppress broiler (Key words: high environmental temperature, virginiamycin, serum constituents, carcass composition, energetic efficiency)
performance (Squibb et al, 1959) and increase carcass fat (Howlider and Rose, 1989; Belay and Teeter, 1994) . In addition, temperature-induced perturbations of bird mineral balance have been associated with decreased blood plasma Na, Ca, Mg, and inorganic P concentration in broilers (McCormick and Garlich, 1982; Ait-Boulahsen et al, 1989; Donoghue et al, 1990; Belay and Teeter, 1993) and turkeys (Kohne and Jones, 1975) . Broilers subjected to 35 C and pair fed to thermoneutral control birds excrete 27.3% more K (Smith and Teeter, 1987a) ; this effect also has been observed by Deetz and Ringrose (1976) for hens housed at 37.7 C. Indeed, Belay et al. (1992a) reported mineral balance of broilers exposed to high temperatures is reduced for P, K, Na, Mg, S, Mn, Fe, Mo, and Cu compared with that of thermoneutral birds. Previous studies also have suggested a dramatic influence of high ambient temperature on blood plasma metabolites; glucose, uric acid, hemoglobin, total protein, and albumin (Edwards and Wilson, 1954; Kubena et al, 1972; Vo et al, 1978; Meluzzi et al, 1992) . However, information relating the interaction between growth promoting antibiotics, diet caloric density, and rearing environment on live performance, blood serum electrolyte, and metabolite concentration of broilers is limited. Because heat stressed birds have been reported to have lower blood agglutinin titers against heat-killed Salmonella pullorum antigen and suppressed cellmediated immunity (Regnier and Kelly, 1981; Siegel and Latimer, 1984) , the VM effect on bird survival during heat stress (Belay and Teeter, 1994) could be related to either reducing immune challenge or heat production if VM improves chick energetic efficiency. However, 20 ppm VM fortification level was without effect on primary antibody titer, IgM and IgG, despite improved survivability in birds housed in a thermoneutral environment (Belay et al, 1992b) . Therefore, the objectives of the study reported herein were to evaluate the influence of VM and CD on live performance, carcass and gain composition, blood serum concentration, metabolic heat production, and energetic efficiency of broilers reared in thermoneutral and cycling heat distress environments.
MATERIALS AND METHODS
A total of 1,536 1-d-old Cobb x Cobb male chicks were distributed into 48 floor pen experimental units with 32 chicks per pen. In order to magnify the potential effects of VM, chick pens were bedded with used litter obtained from a previous broiler flock. Each of the six treatment-diet combinations were represented in a factorial arrangement of two caloric densities (CD; 2,945, 3,200 kcal ME n /kg) by three VM fortification levels 2 Hoffmann-LaRoche, Nutley, NJ 07042. McDonald (1993) .
Following recording of Day 21 pen observations, 1,152 birds were randomly selected from the treatment groups and allotted to 192 identical wire-floored (61 x 82 cm) grower batteries housed within thermostatically and humidistatically controlled large scale environmental chambers described elsewhere (Teeter and Smith, 1986) . In all cases birds received their respective dietary regimens with the exception that they were switched to a grower diet ( Table 1 ). The daily temperature cycles were maintained at a continuous 24 C for thermoneutral (TN) and cycling ambient temperature exposure composed of 12 h of 24 C, 6 h of 24 to 35 C, and 6 h of 35 to 24 C for the cycling temperature stress (CT). Relative humidity was maintained at 55 ± 5% in both environments. Treatment groups were analyzed in a 2 (environment) x 2 (caloric density) x 3 (VM) factorial arrangement and contained 12 and 20 replicates of six chicks each in the TN and CT environments, respectively.
Following a 3-d adaptation period to the grower diet and chamber surroundings; birds were again deprived of feed overnight, weighed, and Phase 2 initiated. Feed and water were available for ad libitum consumption. Birds were checked twice daily for mortality with the body weight of any bird dying being recorded. Following the 25-d experimental period; individual bird weights and feed consumption by pen was recorded. In addition, two birds from each replicate were selected at random to determine dressing percentage, breast weight, carcass specific gravity (Belay and Teeter, 1994) , blood serum electrolyte and metabolite concentration, and carcass fat and protein (Barton et al, 1981; Teeter and Smith, 1985) . Blood from each of the two birds was collected just prior to processing at 25 C ambient temperature via wing vein puncture and serum was separated. Serum Na, K, Ca, Mg, CI, P, Fe, glucose, triglycerides, uric acid, albumin, total protein, creatinine, using: Roche kif2 for CI (No. 43623) Mix supplied per kilogram of diet: Ca, 160 mg; Zn, 100 mg; Mn, 120 mg; Fe, 75 mg; Cu, 10 mg; Iodine, 2.5 mg.
subtracting the initial from final comparative mass. Carcass energy gain was estimated according to McDonald (1993) by multiplying protein gain by 5.66 kcal/g and fat gain by 9.37 kcal/g. Metabolic heat production was in turn calculated as energy consumed (grams of feed consumed x kcal ME n /g feed) -energy gained as protein -energy gained as fat. Efficiency of ME n utilization was calculated as energy gained/ME n consumed.
In the study, the pen of chicks was used as experimental units, and data were analyzed for ambient temperature, VM, CD, two-and three-way interactions as well as linear and quadratic response of VM were determined by using analysis of variance in the General Linear Models (GLM) procedure of SAS® (SAS Institute, 1985) . When a significant F statistic was detected means were separated using Duncan's (1955) multiple range test.
RESULTS AND DISCUSSION
Chick body weight, gain: feed (G:F) and survivability (SURV) results through 21 d posthatching are presented in Table 2 . The interaction between diet caloric density (CD) and virginiamycin (VM) was not significant (P > 0.05) for the variables monitored through 21 d of age. The main effects of VM and CD were significant (P < 0.05) for 21-d BW, but not feed consumption or SURV. Consequently, G:F ratio increased (P < 0.05) with CD and linearly (P < 0.05) improved (P = 0.08) with VM supplementation compared with the control. Henry et al. (1986) reported that VM had no influence on 21-d BW and feed efficiency. However, results of the current study and other published reports (March et al, 1978; Proudfoot et al, 1990; Bartov, 1992) are in agreement that VM supplementation linearly enhanced 21-d BW and feed efficiency without influencing feed consumption. Mode of action for the VM growth improvement at 21 d of age has been suggested by previously published studies to be related to improved dietary fat retention and a resulting elevation in dietary AME n content (March et al, 1978; Bartov, 1992) . It was also suggested that reduction of Clostridia perfringens population in the ileum of chicks with VM supplementation is correlated with weight gain and feed efficiency (Stutz and Lawton, 1984) . Indeed, Ford and Coates (1971) reported that germ-free chicks have higher absorption of glucose and B complex vitamins. In the current study, the fact that chick pens were bedded with used (old) litter, the improved body weight and feed efficiency observed suggest that VM supplementation in an unclean environment might aid in reducing intestinal microbial population and as a result improve nutrient absorption and/or utilization for growth. In the current study and others (Miles et al, 1984b; Proudfoot et al, 1990) , VM had no significant influence on chick mortality. However, Belay and Teeter (1994) reported better survivability with 15 ppm VM for chicks experiencing a mild cold environment.
Results for live weight (49-d BW), body weight gain (G), feed consumption (FC), G:F ratio and SURV at 49-d posthatching are shown in Table 3 . The three-way interaction; VM by ambient temperature (E) by CD was not significant (P > 0.05) for any response variables (Tables 3, 4 , 5, and 6). Therefore only results for E, VM, CD, or appropriate two-way combination effects will be discussed. As anticipated, CT significantly (P < 0.05) (Table 3) by 20.3, 20.6, 17.9, 21.0, and 15.0%, respectively, compared with TN housed broilers which is similar to other published works (Dale and Fuller, 1980; Mickleberry et al, 1966; Teeter et al. 1987; Smith and Teeter 1987b) .
Neither the main effect of VM nor the E x VM interaction were statistically significant (P > 0.05) for 49-d BW, FC, G:F, and SURV. However, a significant (P < 0.05) E by VM interaction was observed for G, indicating that within the TN environment broilers fed the diet with 20 ppm VM fortification had higher (P < 0.05) G compared with the 15 ppm and control, whereas within the CT broilers fed the 15 ppm VM fortification diet had improved (P = 0.06) G compared with controls. The positive 15 ppm VM weight gain response during CT, observed in the current study, is in agreement with previous findings (Belay and Teeter, 1994 ). In the current study, the main effect of VM was not significant for SURV, 49-d BW, G and G:F. In contrast, Marrett (1989) reported that the beneficial response to antibiotics !VM = virginiamycin parts per million. 2 CD = diet caloric density ME n kcal/kg of diet. x <yMeans within environment and caloric density with no common superscript differ significantly (P < 0.08).
2 TN = thermoneutral; CT = cycling temperature.
established up to 21 d of age, can result in a significant improvement in performance up to 49 d of age. However, the data reported herein and previous reported studies suggest that the effect of a growth promotant on live performance of broiler may be more pronounced at younger ages (Eyssen and De Somer, 1963; Marusich et al, 1973; March et al, 1978; Bartov, 1992) . Broilers fed the high CD diet had elevated (P < 0.05) 49-d BW and G associated with 5.8% higher (P < 0.05) FC than those fed the low CD diet. As the E by CD interaction was significant (P < 0.05) for 49-d BW, FC and G (P = 0.06), the data suggest a differential response for CD effects between environments, that high CD diet produced a higher (P < 0.05) 49-d BW, G and FC in the CT environment, but was without effect in the TN. Similar to the result of the current study, Dale and Fuller (1980) and Mickleberry et al. (1966) also reported improved broiler growth during high temperature with higher CD diets, usually with added fat. Abdelkarim et al. (1985) reported that the positive response with high CD diet on broiler live performance is more pronounced in the CT than in the TN environment. Indeed, McNaughton and Reece (1984) suggested that the positive response to CD during high ambient temperature is achieved when bird energy requirements are met by providing a diet containing at least 3,380 kcal/kg.
Neither the VM main effect nor the three-and twoway interactions were significant (P > 0.05) for the blood serum variables listed in Table 4 ; as a result only main effects of diet CD and environment are displayed. Blood serum analysis of broilers in the current study revealed that, with the exception for blood serum uric acid concentration, CD had no influence on serum electrolyte and metabolite concentrations. However, a higher dietary crude protein used with the high CD diet increased (P < 0.05) serum uric acid and was in agreement to the result observed by Geraert et al. (1990) . Rearing ambient temperature failed to affect serum CI, P, glucose, triglycerides, and creatinine. However, CT decreased (P < 0.05) serum Na, K, Ca, Mg, Fe, albumin, and total protein with uric acid falling (P = 0.08) by 7.4% compared with TN housed birds.
The analytical values reported herein for Na, K, CI, Ca, Mg, P, glucose, triglycerides, total protein, and albumin are similar to previous reported values (Ward and Peterson, 1973; Sharma and Gangwar, 1987; AitBoulahsen et al, 1989; Donkoh, 1989; Meluzzi et al, 1992; Belay and Teeter, 1993) . Similarly, the effect of CT observed in the current study for Ca, Mg, Na, K, total protein, albumin, triglycerides, were similar to previous reported values (Ward and Peterson, 1973; Vo et al, 1978; McCormick and Garlich, 1982; Odom et al, 1986; Donkoh, 1989; Donoghue et al, 1990; Meluzzi et al, 1992) . The reduced blood hemoglobin in birds exposed to high temperatures reported in previous studies (Kubena et al, 1972; Vo et al, 1978) was attributed to hemodilution. However, as suggested by the current study, the reduced blood serum Fe concentration might also contribute to reduce blood hemoglobin in these birds. Unlike the data presented herein, others (Ward and Peterson, 1973; Donkoh, 1989) reported higher uric acid and glucose concentration in birds exposed to high temperature. Because plasma uric acid in birds declines 2 h postfeeding (Wilson and Miles, 1988) , differences in the results of plasma uric acid and glucose might be related to bird feed consumption history.
No significant three-way interactions were observed for carcass variables displayed in Tables 5 and 6 . The main effect of rearing ambient temperature revealed that cycling ambient temperature reduced (P < 0.05) carcass 1VM = Virginiamycin parts per million. 2 CD = diet caloric density ME n kcal/kg of diet. 3 SPGR = specific gravity calculated as (carcass weight in air/carcass weight in air) -(carcass weight in water/10). 4 Breast (%) = (Breast weight/carcass weight) x 100. 5 L = response is linear. 6 Q = response is quadratic.
*P < 0.05. weight, specific gravity (SPGR), breast weight, percentage breast and percentage protein, and increased (P < 0.05) dressing percentage, carcass DM, percentage fat, and carcass energy content per gram tissue compared with TN environment. Similar to the results observed in the current study, previous works have also indicated that during high ambient temperature the percentage carcass protein is reduced whereas carcass fat increased (Howlider and Rose, 1989; Belay and Teeter, 1992; Belay and Teeter, 1994) . Even though, energy content per gram of tissue increased with CT, the reduced (P < 0.05) total carcass energy content per bird reflected bird growth and carcass weight. In the current study, carcass dry matter was indeed correlated with carcass fat, however, higher carcass DM for CT broilers might be related to the negative effect of high ambient temperature on broiler water balance as suggested by others (Van Kampen, 1981; Belay and Teeter, 1993) . A significant (P < 0.05) main effect of VM indicated that carcass weight, breast weight, and DM carcass energy content per bird were increased (P < 0.05) with both levels of VM whereas dressing percentage was increased with the 15 ppm but not with the 20 ppm level compared with the control. Even though VM increased (P < 0.05) quantitative breast weight, it failed to affect breast yield expressed as percentage of the carcass weight and, as a result the higher breast weight with VM is attributable to the improved carcass weight. The VM by E interaction approached significance (P = 0.07) for dressing percentage, suggesting that within the TN environment 15 ppm VM improved (P = 0.07) dressing percent compared with the control and 20 ppm VM supplementation. Izat et al. (1989) reported no effect of 11 ppm VM on carcass weight or dressing percentage; however, according to the results of the current study and others (Leeson, 1984; Woodward et al, 1988; Izat et al, 1990 ) the VM influence on carcass variables is consistent. A reduction of intestinal weight, as a result of antibiotic supplementation have been reported in previous studies (Coates et al, 1955; Jukes et al, 1956; Henry et al, 1986; Izat et al, 1989 ). In the current study, despite the absence of VM influence on 49-d body weight and body weight gain, carcass weight and dressing percentage were increased (P < 0.05) with VM, suggesting that elevated carcass weight is possibly related to reduced intestinal weight, as suggested by Woodward et al (1988) . The reduced gastrointestinal mass would also presumably mask economically important live weight.
Averaging data over E and VM suggested that high CD increased (P < 0.05) carcass weight, dressing percentage, carcass fat, carcass DM, and DM carcass energy content per bird with reduced (P < 0.05) carcass SPGR and percentage protein. The high CD influence on carcass composition reported herein is in agreement with others (Summers and Leeson, 1979; Jones and Wiseman, 1985; Sonaiya et al, 1990; Belay and Teeter, 1992 ). In the current study, a significant (P < 0.05), E by CD interaction indicated that higher diet CD influence on carcass weight and DM dressed carcass energy content per bird is higher within the CT compared with the TN, suggesting an additive effect of high CD to elevate carcass fat during CT.
Absolute weight of protein and fat gain per bird examined at 49 d of age is displayed in Table 7 . The reduced (P < 0.05) protein and fat gains exhibited by broilers reared in CT reflected bird body weight at 49 d. Main effects of CD indicated that fat and protein gain per bird increased (P < 0.05) with CD; however, the E by CD interaction (P < 0.05) for fat gain suggested minimum effect of CD on fat gain in the TN but a more pronounced effect in CT. Such a CD differential effect on fat gain could be additive, as CT by itself increased fat accretion (Howlider and Rose, 1989; Belay and Teeter, 1992; Belay and Teeter, 1994) . Virginiamycin fed broilers had quantitatively higher (P < 0.05) protein and fat gain compared with the control. Because percentage protein and fat were not influenced by VM supplementation, the greater (P < 0.05) fat and the 3.2% improved (P = 0.1) protein gain with VM compared with the control is attributable to a generally increased (P < 0.05) carcass weight.
The data collected to evaluate the influence of E, VM and CD on energetic efficiency is displayed in Table 7 . The three-way interaction; VM by E by CD was significant (P < 0.05) for calorie intake, metabolic heat production (HP) and caloric efficiency, suggesting that within the TN environment broilers fed the high CD with 20 ppm VM reduced (P < 0.05) calorie intake resulting in reduced (P < 0.05) HP but without affecting caloric efficiency. Within the CT, the high CD diet supplemented with VM reduced (P < 0.05) calorie intake and HP but increased (P < 0.05) caloric efficiency. In addition, a significant (P < 0.05) VM by CD interaction observed for calorie intake and HP suggested that high CD diet supplemented with 20 ppm VM reduced (P < 0.05) calorie intake and HP compared with birds consuming the control diet. The E by CD interaction (P < 0.05) also suggested that calorie intake and HP increased with higher dietary CD; however, the influence of high CD on caloric gain was greater within the CT than in TN environment and indeed related to carcass weight and fat gain.
The main effect of E indicated that CT reduced (P < 0.05) calorie intake, calorie gain, and HP, and tended to depress (P = 0.06) caloric efficiency compared with TN. Despite the reduced calorie intake and increased fat deposition by CT birds, HP per calorie consumed increased (P = 0.06) and subsequently energy for growth and caloric efficiency declined (P = 0.06) by 3.4% compared to TN housed birds. During high ambient temperature birds are confronted with elevated body temperature from the environment and ration heat increment (Sykes and Salih, 1986; Belay and Teeter, 1993; Wiernsuz and Teeter, 1993) ; therefore, some energy is diverted from gain to maintaining the process of panting such that body temperature homeostasis is maintained. Means within a variable with no common superscript differ significantly (P < 0.05). Similarly, despite the influence of high CD diet on percentage fat, and fat, protein, and calorie gains, it tended to reduce (P = 0.06) caloric efficiency as a result of increased (P < 0.05) metabolic HP. Waldroup et al. (1976) reported that caloric efficiency for gain is lower with higher caloric density ration, which, when coupled with the present study and others (Wiernusz and Teeter, 1993) , suggests that the reduced caloric efficiency with CD is related to elevated HP resulting from consumed energy.
Data averaged over E and CD revealed that both VM levels reduced (P < 0.05) calorie intake and HP whereas linearly (P < 0.01) increased (P < 0.05) calorie gain and caloric efficiency. According to the result of this study, the influence of VM on calorie gain and efficiency, expressed as energy gained:energy consumed, is not a reflection of percentage carcass fat or protein but is related to a positive linear (P < 0.05) effect on carcass weight and fat gain. Nonetheless, it has been reported that VM supplementation improves dietary AME n in broilers (March et al., 1978) and reduces calorie requirement per gram of body weight (Buresh et ah, 1985a) in turkey poults. Despite the influence of VM on carcass percentage fat, the improved caloric efficiency with VM is possibly related to its effect on intestinal weight and reduced bird maintenance requirement needs. However, as energetic efficiency variables were influenced with three and two interactive effects further studies are needed to clearly define the mode of action for VM effect for improved caloric efficiency.
